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ON THE "CURRENT-DEFLECTION" METHOD FOR DETER
MINING BALLISTIC CONSTANTS OF MOVING COIL 

GALVANOMETERS, WITH A NOTE ON THE 
NON-UNIFORMITY OF MAGNETIC 
FIELDS IN SUCH INSTRUMENTS. 

B Y P A U L E . K L O P S T E G . 

I. THEORETICAL. 

(a) Statement of Formula for Method.—The determination of the 
quantities involved in the equation1 

T I t an - i ? 
K= . =kp" \ (I) 

2 W 2 + A2 

which reduces to 

2T 

when A is small in comparison with T, is easily accomplished; and simple 
apparatus, found in any laboratory, is used. In these equations K 
represents the ballistic constant,2 p is the ratio of one amplitude of the 
coil to the one next following, T is the complete period of the coil and A i ts 
logarithmic decrement; k is the current constant,3 i/d, of the instrument, 
where, in the ordinary method of determination, d is the deflection from 
the null position caused by the current i. 

(b) Objection to the Use of k as Ordinarily Determined, and Proposal of 
Modified Method.—It seems that equation (i) is not commonly used, 
except for instructional purposes in connection with the theory of the 
ballistic galvanometer, the presumable reason being that the values 
which it gives for the constant are not often in agreement with those 
given by the direct methods, the differences ranging from a fraction 
of one per cent, to as much as three or four per cent. The major part 
of the error when damping is small occurs in the value of k; with strong 
damping, large errors are as likely to occur in A as in k. The formulae 
presuppose ideal conditions as to uniformity of field and symmetry of 

1 Kohlrausch, Lehrbuch der praktischen Physik, 12th edition, 1914, p. 525. 
2 The open coil type of instrument with a circular scale at 50 cm. from the mirror is here 

being considered; K in coulombs per centimeter. 
3 In amperes per centimeter. 
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position of the coil with respect to the magnet; these conditions are far 
from being realized in most galvanometers, as has been previously 
indicated by the writer,1 and as will be shown at greater length in this 
paper. Since, ordinarily, the field is by no means uniform, the value of 
k is not truly constant, but depends upon the angular position of the coil. 

The value of k to be used in formula (i) is the value which depends 
upon the average field intensity at the null position of the coil, which, of 
course, is the position occupied by the coil at the instant the greater 
part of the discharge passes through it. This fact suggests that it 
might lead to greater accuracy if, instead of producing a given deflection 
by means of a current, one were to produce a deflection by turning 
the torsion head from which the coil is suspended through a certain 
angle, and then to determine the current necessary to bring the 
coil back to its null position. The coil would then evidently be in the 
very position in the field which it occupies at the moment of the ballistic 
impulse. The question at once arises whether the current constant 
should, with this manipulation, have the same value as that which 
would be obtained by the ordinary method if the field were truly uniform. 
For it is evident that in the proposed procedure the spiral lower suspension 
is, when the coil has been returned to its null position, in the same condi
tion of strain as it was before the coil was deflected by turning the torsion 
head. 

To investigate this point, we may proceed as follows : 
Let ii — current through coil equivalent to torque per unit angle of the 

upper suspension; and 
i2 = current equivalent to torque per unit angle of the lower suspen

sion; 
also let the upper torsion head be turned through an angle d0 (in terms of 
centimeters on the circular scale), producing an angular deflection d of 
the coil. Then 

i2d = ix(do — d), 
from which 

d = iid0/(ii + 4). 

Now let a current i be sent through the coil, just sufficient to bring it 
back to the null position; since the lower suspension is now free from 
strain, i — iidQ. Consequently 

k = ii + i2. 

The same result is obtained when the assumption is made that the lower 
suspension is given sufficient twist to produce the deflection d of the coil. 
By twisting either suspension, therefore, the restoring couple of the 

1 PHYSICAL REVIEW, N.S., 5, 266, 1915. 
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system is unchanged. This leads to the important conclusion in connec
tion with the usual condition1 of the suspensions in galvanometers, that 
within limits, no matter what the conditions of strain of the suspensions 
at the null position, the elastic constant of the suspensions is the same 
as though the suspensions were free from strain.2 

(c) Precautions to be Observed in Determining k by the Method Here 
Outlined.—In determining the current constant by the modified method, 
one source of error should be kept in mind, namely, that in most instru
ments—unless special attention is paid to this point—the prolonged axis 
of the coil does not pass through the point of attachment of the upper 
suspension. This may, for example, be due to a bent terminal, or to 
eccentricity of the torsion head. When the torsion head has been turned 
through a certain angle and the coil brought back to zero deflection by 
means of a suitable current, the position of the coil is not usually identical 
with the "original" null position,3 but may be shifted into a region of 
the field at which the intensity differs appreciably from that at the original 
null.4 The current constant will then be affected by an error propor
tional to the difference between the field intensities at the two positions. 
The error from this cause, for a given deflection of the coil, is less with 
an upper suspension having large torque per unit angle than in one 
with small torque; for in the latter case the upper torsion head must be 
turned through a larger angle to produce a given deflection of the coil 
than in the former. The gain in accuracy, however, is offset by the 
smaller sensitivity with a stiff upper suspension. It should therefore 
be observed, especially when a galvanometer with weak control is being 
used, that the upper suspension be as nearly coincident with the vertical 
axis of symmetry of the instrument,5 and the coil as near the ideal posi
tion, as careful levelling can bring them. 

Another precaution to be observed is that of using the proper value of 
the logarithmic decrement corresponding to a given throw, especially 
when there is considerable damping; since the logarithmic decrement is 
not constant, its value must be determined for any given amplitude. 
A method for doing this is described in the experimental section of 
this paper. 

1 This condition being tha t , a t the null position of the coil, one of the suspensions is twisted, 
necessitating a twist of the o ther suspension in the opposite direction for equilibrium. 

2 I t has been shown by Pealing (Phil. Mag. , 29, 203,1915) t h a t "bifilar effect" of a phosphor 
bronze ribbon is negligible in its effect upon the elastic constant for torque. 

3 Meaning the position which the coil occupied before it was deflected by means of t he 
torsion head. 

4 Klopsteg, loc. cit. 
£Loc. cit 
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IL EXPERIMENTAL. 

A. Tests on Uniformity of Magnetic Field. 

(a) By Means of Current Sensitivity.—A 3-mil phosphor bronze strip 
upper suspension was selected with terminal wires such as are provided 
by the manufacturers. The upper terminal wire was bent so as to 
displace the suspension fiber about 2 mm. from the vertical axis of the 
instrument. If the plane of the coil, by suitable means, is kept parallel 
to its original position while the upper torsion head is turned through 
360 degrees, each point of the coil describes a circle the radius of 
which is the amount of the eccentricity. To accomplish this end, the 
upper torsion head was turned through a small angle and sufficient 
current was sent through the coil to return it to the null reading. The 
angle and current were accurately measured. The process was then 
repeated sufficiently often to make a complete revolution of the torsion 
head. The current per degree, for different positions of the coil in the 
field, was found to vary almost 10 per cent. When the suspension 
terminals are very short, so as to eliminate the eccentricity mentioned 
in the first case, the current per degree is found constant over the whole 
range within which the instrument is used, showing that no matter what 
the twist in the fiber, the coil was, in each measurement, in the same 
position relative to the field. Similar results were obtained with a 1.5-
mil phosphor bronze strip suspension. 

(b) By Means of Ballistic Sensitivity.—The results of the preceding 
experiment make it seem probable that the differences which one fre
quently observes in the ballistic throws of an instrument with equal 
quantities of electricity but in opposite directions from the same null 
point1 may be ascribed to the non-uniformity of the galvanometer field. 
To investigate this point, an experiment suggests itself, as follows: 
Using an upper suspension fiber with short terminals, so as to avoid 
eccentricity, one may, by means of the upper torsion head, shift the coil 
into various angular positions with respect to its usual null position; for 
each particular position one may take throws in opposite directions with 
equal quantities. 

This was carried out, starting with a shift of about 10 degrees towards 
the " red" side of the scale, and, in small steps, working over to the 
"black" side. The results2 are shown graphically in Fig. 1. The instru
ment was moderately damped, and the same quantity of electricity was 
used for every throw. Abscissas are given in degrees of displacement of 

1 Peirce, B. O., Am. Acad. Proc, 42, 161, 1906. 
2 The results here given are from a single instrument; but they may be observed, to a 

greater or smaller degree, in any instrument of the type described. 



VOL. VII.1 
No. 6. J MOVING-COIL GALVANOMETERS. 637 

the various positions from the ordinary null, ordinates represent centi
meters of throw from each position. "B" refers to the "black" side of 
the scale, " i£" to the " red" side. The two curves in the figure are seen 
to cross at a point about 0.8 degree from the null toward the "red," 
indicating that if one were to shift the coil into this position as a new null, 
equal throws would be obtained 
with this particular quantity. 
With larger or smaller quantities 
the curves would not necessarily 
intersect at the same abscissa. 

Clearly, with a given quan
tity, the magnitude of the throw 
depends upon two factors: the 
intensity of the field at the null 
position of the coil, and the 
amount of damping in the region 
through which the coil swings. The former is the same for any given 
position of the coil, regardless of the direction of swing; the latter de
pends upon the nature of the magnetic field. The experiment shows 
non-uniformity in two ways: first, differences in throws in the same 
direction from different null positions; and second, differences between 
throws in opposite directions from the same null. 

B. Method of Finding Logarithmic Decrement to be Applied to a Throw of 
Given Magnitude. 

When the damping is slight, it is quite sufficient to find the logarithmic 
decrement or the damping factor in the ordinary manner, using two 
successive elongations somewhere near the value of the throw to be cor
rected, remembering that these elongations are to be taken on the same 
side of the null on account of the probable difference in the damping on 
the two sides. For highly damped throws—the motion of the coil still 
being periodic—the above method may not give the value with sufficient 
accuracy because of the great difference between two successive elonga
tions on the same side of the null. The procedure in this case is as follows: 
The resistance in the circuit having been adjusted to the same value as 
that which is to be used in the measurements, the coil is started swing
ing from a large displacement. As many sets of readings of successive 
elongations on the same side of the null are taken as is considered neces
sary for the desired degree of accuracy. One of these sets is first plotted, 
using the elongations as ordinates, and the time, expressed in terms of 
the complete period of the coil, as abscissas. The other sets may then 
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be " fitted in," using the same time unit, and the curve drawn. To apply 
the curve to the determination of the logarithmic decrement correspond
ing to any particular amplitude, we find the intersection of the curve 
with the horizontal line at the amplitude in question; from this point 
we pass to the left a distance equivalent to a half time-unit, and find the 
amplitude corresponding to this instant. The natural logarithm of the 
ratio of the amplitude so found to the amplitude chosen is the log
arithmic decrement sought. It is well to remember that this correction 
is slightly affected by the zero shift due to magnetic impurities;1 for in 
an actual measurement one eliminates the zero shift as suggested by 
Zeleny, while the curve here described is obtained from readings of the 
positions of the coil as it executes complete swings. The amount of 
the error has not been determined, but in the ordinary instrument its 
effect upon the results of measurements is certainly less than 0.2 
per cent. 

C. Test of Modified Method for Obtaining K. 

The results shown in Tables I. and II. were obtained in a series of 
determinations, the purpose of which was not to approach the limit 
of accuracy attainable by this method of finding the ballistic constant, 
but rather to determine the reliability of the method under ordinary 
laboratory conditions. Each quantity used in the formula was deter
mined from but a single careful observation. The instruments were 
levelled, but it was not attempted to eliminate absolutely the possible 
eccentricity due to bent terminals. The galvanometers are the ones 
which are constantly in use in the undergraduate laboratory; no tests 
were made to see if the scales were accurately circular, or if they were 
exactly 50 cm. from the mirrors. 

A comparison of the results shows that even without these precautions 
the modified method is superior to that commonly used. In the writer's 
opinion one is justified, when careful work is done and several deter
minations of each quantity are made, in assuming an accuracy of 0.2 
per cent, in the results. 

It would greatly facilitate the manipulation of returning the coil to 
its normal position from the deflection produced by turning the upper 
torsion head if the latter were provided with a tangent screw, permitting 
accurate adjustment at the first trial. 

III . SUMMARY. 

(a) A method is proposed for obtaining the current constant which 
is used in the equation for obtaining the ballistic constants of moving 
coil galvanometers, and possible sources of error are discussed. 

1 A. Zeleny, P H Y S . R E V . , O. S., 23, 400, 1906; P H Y S . R E V . , O. S., 32, 297, 1911. 
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TABLE I. 

Galvanometers provided with 3-mil phosphor bronze ribbon upper suspensions; damping suf
ficiently small to admit of use of approximate form of eq. (1). 

I 
I l l 
VI 
VII 
IX 
XI 
XI I I 
XV 
XVI 

Usual Method. 

2.901 
3.440 
2.957 
3.161 
5.314 
2.804 
2.961 
3.009 
2.814 

K, Coulombs/Cm. X IO*. 

Modified Method. 

2.880 
3.469 
2.931 
3.162 
5.326 
2.793 
2.961 
2.993 
2.799 

Condenser1 Method. 

2.873 
3.464 
2.938 
3,157 
5.324 
2.793 
2.960 
2.994 
2.802 

TABLE II. 

Galvanometers provided with 1.5-mil phosphor bronze ribbon upper suspensions; smat 
damping. 

Gal v. No. 

II 
IV 
VIII 
X 
XII 

Usual Method. 

jl.561 
jl.921 
1479 
1.989 
1.650 

K, Coulombs/Cm. X 107. 

Modified Method. 

1.561 
1.932 
1.459 
1.970 
1.669 

Condenser 1 Method. 

1.563 
1.931 
1.454 
1.966 
1.665 

(b) Experiments are described in which these sources of error are 
investigated, leading to suggestions for minimizing these errors. Princi
pally the errors are due to non-uniformity of the magnetic field and 
to insufficient levelling of the instrument. 

(c) Results of tests of the proposed method are given which indicate 
that with care the method is reliable to 0.2 per cent, accuracy. 

(d) The suggestion is made that galvanometers to which the method 
is to be applied be provided with a tangent screw for fine adjustments of 
the torsion head. 

PHYSICAL LABORATORY, 

UNIVERSITY OF MINNESOTA, 
January 12, 1916. 

1 Condenser with Bureau of Standards certificate, charged by means of cadmium standard 
cells, using free charge only- See A. Zeleny, PHYS. REV., O. S.r 22,1906, p. 65; O. S., 23, 1906, 
p. 409* 


